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Abstract 
Purpose: To examine predictors of intention to reduce stroke risk in a sample of at risk 
individuals through the application of an expanded Health Belief Model (HBM).  Research 
Method: Predictors included stroke knowledge, demographic variables, beliefs about stroke 
derived from the HBM, and measures of subjective norm and self-efficacy. The dependent 
variable was intention to reduce stroke risk.  Two hundred and seventy six surveys were 
distributed to participants at three site types: bowling clubs, senior citizens clubs and 
retirement villages.  One hundred and one surveys were returned yielding a response rate of 
37%, and data from 76 of these respondents was used for further analysis.  Results: With 
regard to exercise intention, a pattern of significant correlations between HBM variables, 
subjective norm and self-efficacy was observed.  Results of multiple hierarchical regression 
analyses showed that perceived benefits of undertaking exercise, and self-efficacy in relation 
exercise were the two most important determinants of exercise intentions.  Conclusions: 
Findings suggest that health beliefs may play an important role in stroke prevention.  Practice 
Implications: Stroke education and prevention programs that selectively target beliefs about 
the perceived benefits of, and self-efficacy related to, exercise to reduce stroke risk may 
prove most efficacious.   
 
Keywords: stroke, cerebrovascular accident, Health Belief Model, stroke knowledge, stroke 
prevention 
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 The subset of modifiable stroke risk factors (Goldstein, Adams, Becker, & Furberg, 
2001) includes those thought to be amenable to change, such as diet and exercise.  Studies 
that have sought to identify factors that predict healthy behavior change post-stroke, 
particularly in relation to modifiable risk factors, have focused primarily on the role of 
education (Rausch & Turkoski, 1999).  Yet, it is also suggested that education alone is 
unlikely to be sufficient to promote healthy behavior change (Schroeder, Rosamond, Morris, 
Evenson, & Hinn, 2000).  People knowledgeable about stroke do not always change their 
behavior to reduce stroke risk, nor do they take appropriate action when they experience 
stroke (Schroeder et al., 2000).  These findings suggest the exploration of factors other than 
knowledge is necessary to understand when and how people modify their stroke risk.    
A broader review of the chronic disease literature reveals several candidate 
mechanisms with the potential to facilitate healthy behavior change in conditions other than 
stroke.  These include self-efficacy, intention to comply with treatment advice, and attitudes 
and motivation (Abraham & Sheeran, 2005; Ajzen & Fishbein, 1980; Brewer, Chapman, 
Brownlee, & Leventhal, 2002; Miller, Booraem, Flowers, & Iversen, 1990; Miller, Wikoff, & 
Hiatt, 1992).  For example, the HBM, which incorporates beliefs about illness susceptibility, 
illness severity, the costs of (or barriers associated with) undertaking healthy behaviors, and 
the perceived benefits of engaging in healthy behavior, has been used to study the 
relationship between beliefs and health behaviors across a variety of illnesses, such as: 
obstructive sleep apnea (Abraham & Sheeran, 2005; Sage, Southcott, & Brown, 2001); 
cardiovascular disease (Ali, 2002, Oldridge & Steiner, 1990); breast cancer (Champion, 1987; 
Norman & Brain, 2005; Yarbrough & Braden, 2001); tuberculosis (Barnhoorn & Adriaanse, 
1992); non-insulin dependent diabetes mellitus (NIDDM) (Bond, Aiken, & Somerville, 1992; 
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Brownlee-Dffeck et al., 1987; Harris & Lim, 1985; Wdowik, Kendall, Harris, & Auld, 2001), 
and hepatitis B (Wai et al., 2005).  The HBM has not been specifically applied in previously 
published stroke research. 
Application of the HBM in the context of stroke could be advantageous for a number 
of reasons.  For example, the HBM is an established and relatively well understood model; 
because its properties are known, this could facilitate interpretation of results in a new 
context.  However, a review of studies incorporating the HBM suggests that prediction of 
health behavior, in a variety of contexts, is weak in most studies (Abraham & Sheeran, 2005).  
Evidence of the potential utility of HBM components has been demonstrated through modest 
effect sizes (less than .22) for all belief types.  The strongest effects were reported for barriers, 
followed by susceptibility, benefits, and severity, in the case of breast self-examination 
(Norman & Brain, 2005).  Further, specific applications of this model to various groups with 
the same illness, such as older and younger individuals with NIDDM (Brownlee-Duffeck, 
1987) and women who undertake infrequent or appropriate/excessive breast self-
examinations (BSE; Norman & Brain, 2005), suggest that the pattern of significant predictors 
from the model may vary.  In addition, not all components of the model predict specific 
behaviors, and findings may not generalize across populations.  So, although the HBM 
provides a potentially useful framework for understanding stroke prevention, it has a number 
of limitations (Norman & Brain, 2005) some of which have been identified by the models’ 
authors (Rosenstock, Strecher & Becker, 1988) and these would need to be addressed in such 
applications.   
Sheeran and Abraham (2005) noted that the original conception of the perceived 
barriers component of the model was too narrow, and that barriers to performing health 
behaviors may include both psychological factors, such as fear associated with illness 
prevention behaviors, and practical barriers, such as time and expense undertaking such 
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behaviors1.  Consequently, some HBM studies have included a measure of self-efficacy (SE) 
to capture individuals’ perceptions about their ability to perform successfully perform health 
behaviors (Norman & Brain, 2005; Wdowik et al., 2001).  This has proved a useful addition 
to the HBM, indicated by successful SE predictions of health behaviors (Norman & Brain, 
2005; Wdowik et al., 2001), suggesting this variable should be incorporated in future HBM 
applications. 
A variable that appears promising, but has not yet widely examined in the context of 
the HBM literature2, is subjective norm (SN).  SN is an individual’s beliefs about what 
significant others in their lives expect of them in relation to particular behaviors.  The notion 
that SN may influence behavior is recognized as key component of other belief-based models 
such as the theory of planned behavior (TPB; Ajzen, 1991).  Thus there appears to be a case 
for expanding the HBM to incorporate a social influence factor. 
A further observation of previous applications of HBM to the study of risk reduction 
is that most previous studies have examined predictions of a single action, or intention to 
undertake an action with the potential to reduce illness risk3.  In breast cancer studies, for 
example, applications of the HBM have sought to comment on individual’s ability or 
intentions to undertake a single preventative behavior, BSE (Champion, 1987; Norman & 
Brain, 2005; Yarbrough & Braden, 2001).  Applications of such models to chronic, systemic 
illness such as stroke may necessitate exploration of the effects of such beliefs on multiple 
health behaviors, such as weight control, exercise, regular blood pressure monitoring.  This 
approach is likely to provide insight into the more complex interplay between beliefs and a 
range of health behaviors that may be required to prevent a single “illness”. 
                                                          
1 Note that other studies have sought to expand the HBM by including other belief-based variables such as 
worry (Norman & Brain, 2005), cues to action, locus of control, health importance, intention, and emotional 
response (Wdowik et al., 2001; Burns, 1992; Wallace, 2002).   
2 Wdowik et al., 2001 is an exception. 
3 For exceptions see Wdowik et al., 2001 and Brownlee-Duffeck et al., 1987. 
Predictors of intention to reduce stroke risk  6 
Taking into consideration the substantial prevalence of stroke (Australian Institute of 
Health and Wellbeing, 2001; Schwamm et al., 2005), its significant impact on society 
(Schwamm et al., 2005), and the need to explore new ways of promoting healthy behaviour 
change in those at risk of stroke (McKevitt, Redfern, Mold, & Wolfe, 2004; Samsa et al., 
1997), the aim of this study was to examine the influence of health beliefs and knowledge on 
stroke risk reduction, using an expanded version of the HBM incorporating SN and SE.  This 
undertaking is important to stroke rehabilitation since preventing further stroke through 
education and behavior change, the risk of which is increased after a first event, is a key goal 
for rehabilitation (Schwamm et al., 2005, p.691).  We hypothesized that: a. the HBM factors, 
susceptibility, severity, benefits, and barriers, would predict exercise intentions, and; b. the 
addition of self-efficacy and subjective norm to the standard HBM factors (susceptibility, 
severity, benefits, and barriers) would improve significantly the prediction of exercise 
intentions.  We also explored the effect of measuring exercise intentions either as general 
intentions, or as intentions in the next six months.   
Method 
Participants 
The primary selection criteria for participants were that they reported the presence of 
one or more “modifiable” stroke risk factors (Goldstein et al., 2001).  Respondents with a 
past history of stroke in addition to a modifiable risk were excluded from participation.  
Modifiable stroke risk factors include hypertension, smoking, diabetes, atrial fibrillation, 
cardiovascular disease and hypercholesterolemia as well as being overweight or obese, 
physical inactivity, and excess alcohol consumption (Goldstein et al., 2001; Gorelick, Sacco, 
Smith, Alberts, 1999; Haapaniemi, Hillbom, & Juvela, 1997; Hankey, 1999; Straus, 
Majumdar & McAlister, 2002; Sturm, Davis, O’Sullivan, Vedadhaghi, & Donnan, 2001).  
Participants were asked if they had a diagnosis of ‘medical’ risk factors, such as hypertension. 
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The presence of behavioral risk factors, such as alcohol use, was assessed by frequency 
estimates.  These estimates were then classified in terms of risk using established criteria.  
Thus, individuals were considered at risk of stroke if they consumed more than safe alcohol 
limits (National Health and Medical Research Council, 2001)4, had a BMI in the overweight 
or obese range (World Health Organization, 1998), or exercised less frequently than 
recommended to prevent stroke.  For the purposes of this study we defined being at risk of 
stroke due to insufficient exercise if individuals reported exercising less than three or four 
times per week.  We used this cut-off because recommendations current at the time of this 
study suggested health benefits for individuals that undertake an aerobic exercise session 
lasting 20 to 30 minutes, on at least most days of the week (Australian Institute of Health and 
Wellbeing, 2001; Pate et al., 1995).   
Data were collected from seven sites.  Study sites comprised four bowls clubs (n = 15), 
two retirement villages (n = 20) and one senior citizens club (n = 46) 5.  Of the 273 surveys 
distributed, 101 were returned yielding an overall response rate of 37%.  A process of 
verification of respondent characteristics against the study selection criteria was undertaken.  
Responses from 17 participants did not meet entry criteria (13 participants did not endorse 
any modifiable stroke risk factors and four participants had previously had a stroke (a non-
modifiable stroke risk factor).  Further data screening resulted in exclusion of data from three 
participants found to be outliers6.  Of the remaining 81 respondents, 76 completed a 
compulsory set of questions about exercise, and this group comprised the final sample.  
                                                          
4 Individuals were defined as at risk of stroke from excessive drinking if they reported consuming more than that 
specified in current NHMRC  guidelines (2001) as potential harmful long term.    
5 A subsequent analysis demonstrated the comparability of participants from these sites on variables such as age, 
education, and risk factor status. 
6 Responses from the youngest participant (aged < 50 years) were excluded because this participant was an age 
outlier (i.e. |z| ≥ 3.30); responses from one participant were excluded because they were found to be an outlier 
on two variables (i.e. |z| ≥ 3.30 education and SKT total score), and; responses from one participant were 
excluded because they were found to be an outlier on three variables (i.e. |z| ≥ 3.30 perceived benefits of 
exercise,  perceived seriousness of stroke and perception that others would desire and approve of the 
participant’s exercise behavior); 
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Exercise questions were regarded as compulsory because exercise can be undertaken by 
everyone to reduce their stroke risk.   
The characteristics of the final sample showed that most were retired (97%), women 
(62%), native English language speakers (90%), with secondary school education (49%) and 
no family history of stroke (78%).  Ages ranged from 56 to 90 years, with an average age of 
74.8 (SD = 7.6).  A frequencies analysis of estimates of current behavior showed that whilst 
approximately11% of this sample did not exercise, a sizable proportion of the sample (37%) 
exercised between three and four times per week.  Approximately 62% of participants (n = 76) 
reported a diagnosis of high blood pressure, indicating hypertension was the most common 
modifiable stroke risk factor, followed by being overweight or obese (approximately 61% of 
respondents based on BMI calculations), high cholesterol (approximately 43.5% of 
respondents) and physical inactivity (approximately 37% of participants). Smoking and 
heavy alcohol consumption was relatively uncommon in this group (reported by <5% of 
participants).  The percentage of participants reporting one, two, three, four, five, or six 
modifiable stroke risk factor(s) was 28%, 21%, 20%, 22% 7% and 3% respectively.  
Approximately 68% of participants in this sample had between one and three modifiable 
stroke risk factors, with about one in two of those tested presenting with three or more 
modifiable stroke risk factors. 
Cerebrovascular accident Attitude and Beliefs Scale-Revised (CABS-R). 
The CABS-R was based on the CABS, which was originally developed by Waugh 
(2003) and later published (Sullivan & Waugh, 2007).  The CABS was constructed with input 
from a clinical neuropsychologist in consultation with multidisciplinary stroke experts from 
the National Stroke Foundation (NSF), Australia.  The CABS was designed to assess stroke-
related health beliefs and underwent rigorous pilot testing, the details of which are described 
in full elsewhere (Sullivan & Waugh, 2007).   
Predictors of intention to reduce stroke risk  9 
Minor revisions to the CABS were made for this project to refine the fit between this 
measure and HBM variables.  These revisions were based on additional input sought from 
expert health and social psychologists, and an updated literature review.  These revisions 
comprised rewording of some of the original CABS items, and added new items to enable us 
to test SE and SN. 
In addition to SE and SN, the CABS-R assessed four dimensions of beliefs about 
stroke from the HBM.  These health beliefs were  a) stroke severity (three items; e.g., “If I 
had a stroke the consequences would be serious”); b) susceptibility to stroke (three items per 
behavior; e.g., “My chances of having a stroke are high if I don’t exercise regularly”); c) 
perceived benefits of undertaking stroke risk reduction behaviors (between three and five 
items per behavior, some of which were specific to stroke; e.g., “Exercise will help me avoid 
stroke”; and some of which were  general; e.g., “Exercising makes me feel better”), and; d) 
perceived barriers associated with undertaking such behaviors (between three and five items 
per behavior; e.g., “I feel too embarrassed to exercise”).  The CABS-R also included: two SN 
items per behavior (e.g., “most people who are important to me would want me to stop 
smoking”), four intention-to-reduce-risk items per behavior (comprising two “general 
intentions items” (e.g., “Generally speaking, I intend to….”) and two time-specific intentions 
(e.g., “In the next six months I intend to…), and two SE items per behavior (see below).  All 
CABS-R belief items were rated on a five point Likert scale ranging from one (strongly 
disagree) to five (strongly agree), with “neutral” midpoint.  SE items included reversed and 
un-reversed items respectively; e.g., “It would be hard for me to…” and “It would be easy for 
me to…”.  For all subscales higher scores indicated greater agreement.   
The CABS-R had multiple sections; each one assessed extended health beliefs in 
relation to separate modifiable stroke risk factors.  These sections assessed beliefs in relation 
to reducing risk by modifying: physical activity, weight, smoking, medication adherence, 
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alcohol consumption, and managing risks associated with diabetes, hypertension, and 
cholesterol.  For each section, CABS-R subscale scores for HBM components and added 
variables were calculated by summing items relating to: SN, susceptibility, benefits, barriers, 
SE7, and general and six-month intentions to undertake risk-reduction behaviors respectively.  
Beliefs about the seriousness of subsequent stroke were assessed using a single global score 
as “seriousness beliefs” were considered to be independent of specific behaviors.   
Stroke Knowledge Test (SKT). 
The SKT is a 20-item multiple-choice test originally developed by Sullivan and 
Dunton (2004).  The SKT assesses stroke knowledge and was also developed with the 
assistance of the NSF.  Preliminary investigations of SKT reliability and validity suggest it 
has good psychometric properties (Sullivan & Dunton, 2004) and it has been used previously 
with stroke survivors (Sullivan & Waugh, 2005), those at risk of stroke (Sullivan et al., 2006) 
and the general community (Sullivan & Waugh, 2005). 
Procedure 
Participants were surveyed about their knowledge of, and beliefs and attitudes 
towards, stroke and its risk factors.  With one exception, the order of administration of 
measures was fixed (ie., demographics, CABS-R, then SKT) as was the order of presentation 
of items within measures.  Specifically, items within CABS-R subsections were randomly 
ordered (e.g., the order of SN items related to exercise was randomly determined for that 
section, then fixed for all participants).  This method of presenting CABS-R items was used 
to reduce the effects of subsection bias and fatigue.  Participants were instructed to complete 
those CABS-R sections relevant to them (i.e., smoking section completed by smokers only). 
Questionnaires were distributed at recruitment sites in a manner negotiated with site 
managers.  The following factors were common to the distribution and collection of 
                                                          
7 Calculation of SE subscale scores was performed after reversal of negatively worded items.   
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questionnaires:  study advertising (via brief presentation), reminders of response due dates 
(via club newsletters or Public Announcement), use of a survey collection point comprising 
survey return box, color posters about the project, and distribution of participant rewards (e.g., 
pens, NSF brochures8).   
Results 
Apart from the exercise section, no other CABS-R section was completed by a 
sufficient number of participants to permit regression analysis.  The exercise section was 
completed by 76 participants. The CABS-R subsection completed by the next highest number 
of responses in descending order was: blood pressure (n = 44), alcohol (n = 37), high 
cholesterol (n = 29), medications (n = 27), high cholesterol (n = 29), overweight (n = 22), 
diabetes (n = 10) and smoking (n = 3).  All subsequent analyses concern exercise only.  A 
comparison of the amount of exercise undertaken by people at each setting was undertaken.  
This comparison revealed no significant group differences in exercise due to recruitment site, 
F (2, 73) = .696, p = .502.  A reliability check was also performed on extended HBM scores 
for the exercise items.  Cronbach’s alpha coefficients were generally above .67; indicating 
moderate reliabilities for most extended HBM components (Table 1).  The CABS-R barriers 
subscale was improved by removing one item yielding a revised exercise barriers subscale 
alpha of .74, so this revised subscale was used in subsequent analyses.  The internal 
consistency of the global seriousness scale was also acceptable (Cronbach’s alpha = .83).  
The reliability of the CABS-R in this study is comparable to the reliability of the CABS 
(Sullivan & Waugh, 2007), which ranged from .64 (seriousness of stroke) to .86 (perceived 
exercise barriers). 
 
Insert Table 1 here 
                                                          
8 The NSF “All about stroke” brochure and pens were made available to participants at the survey collection 
point on study completion. 
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Descriptive statistics for independent variables (Table 1) showed the average rating 
for health belief variables was typically “agree” (four on the five point Likert scale), 
indicating participants: were generally aware that regular exercise would benefit them by 
reducing stroke risk; perceived that significant others would want them to exercise (SN); and, 
believed exercise was achievable (SE).  The average rating on items relating to perceived 
stroke susceptibility due to failure to exercise yielded a mean rating of “neutral”.  On average 
participants disagreed they faced barriers to undertaking exercise.  Furthermore, the average 
response to items relating to stroke seriousness indicated that respondents perceived stroke as 
having serious consequences (mean rating of “agree”). 
Descriptive statistics relating to exercise intentions revealed that participants 
generally agreed they intended to undertake exercise, expressed as a general intention (M = 
3.73, SD = .72) and in the “next six months” (M = 3.71, SD = .74).  Correlations were 
performed between exercise variables from the HBM (i.e., seriousness, susceptibility, 
benefits and barriers), added variables (SE, SN) and stroke knowledge (Table 2).  HBM 
components were strongly correlated with each other and with the additional belief variables, 
with the exception of seriousness and, to a lesser extent, stroke knowledge.  Perceived 
seriousness of stroke was only correlated with general intention to exercise.  Significant 
positive correlations between knowledge and selected exercise beliefs (perceived benefits, 
perceived ease, and perceived norms) were evident.   
Insert Tables 2 here 
 
Multiple regression analyses were conducted to predict intention to exercise from 
variables including those from the HBM (see Table 3).  For these and all subsequent 
regressions, missing data were handled using list wise deletion of cases.  In addition, subscale 
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scores were only calculated if an acceptable proportion of items were completed within that 
subscale.  Specifically; the seriousness, susceptibility and self-efficacy average scores were 
calculated only for those participants that completed greater than one of the three items; 
average scores for items within general intention, six month intention and subjective norm 
were only calculated for those participants that completed two of the two items in each 
subscale; average scores for benefits were only calculated for participants who complete 
greater than two of the four items; average scores for barriers were only calculated where 
participants completed greater than three of the five items.   
HBM variables were entered on the first step (benefits, barriers, seriousness and 
susceptibility), followed by SN and SE entered together (step 2).  This analysis showed that 
the basic health belief model significantly predicted general exercise intentions, R2 = .358, 
F(4,57) = 7.956, p < .001.  The significant prediction of general exercise intentions by HBM 
variables was attributable to benefit beliefs, β = .590, p < .001.  The extended HBM model 
did not significantly predict general exercise intentions (i.e., no additional variance explained 
by Step 2 variables; R2 change = .006; F change (2, 55) = .241, p > .05).   
Using a different dependent measure (intention to exercise in the next six months) 
health belief variables significantly predicted time limited exercise intentions, R2 = .406, F(4, 
57) = 9.734, p < .001.  The predictive ability of the extended model compared to the basic 
model (HBM only) was significant, R2 change = 0.077, F change (2, 55) = 4.083, p < .05 . 
When the basic model was used to predict time limited intentions, significance was 
attributable to benefits, β = .554, p < .001, and when the extended model was used, 
significance was attributable to perceived ease of undertaking exercise, β = .327, p < .05 
(Table 3). 
 
Insert Table 3 here 
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A check of the reliability of the estimated beta weights for the primary regression 
models (HBM and HBM) was also undertaken.  Specifically, we examined relative 
magnitude of the standard error of the B (SE B) co-efficients and Bs.  The pattern of results 
was variable, depending on the dependent variable (general intentions versus six-month 
intentions; see Table 3).  In the case of the general intentions to exercise, the reliabilities of 
the multiple regression estimates was acceptable for three beliefs (severity, benefits and 
barriers; SE Bs < Bs). In the case of six month exercise intentions, three beliefs had adequate 
reliability (benefits, self-efficacy, and subjective norm), one was borderline (susceptibility) 
and the remaining two had SE B values that were lower than Bs (barriers and seriousness). 
The effects of selected demographic variables (age, education, and gender) on 
predictions of intention to undertake exercise (both types) were examined to determine if 
belief effects could be demonstrated, taking into account demographic variables.  The 
demographic variables used were: age, education, and gender.  Demographic variables were 
entered first (step 1), followed by demographic variables plus HBM variables (step 2), 
followed by demographic variables and extended HBM variables (step 3).  Demographic 
variables were not identified as significant predictors of general intentions to exercise (R2 = 
.109, F(3,56) = 2.284, p > .05), but they did predict six month intentions (R2 = .238, F(3,56) 
= 5.748, p > .01) with effects due to age (β = -.452, p < .001).  The second and third steps of 
demographic and belief analyses were also significant (R2 change = .281 Fchange (4,52) = 
7.602, p < .001 and R2 change = .080, Fchange (2, 50) = 4,956, p < .05, respectively).  At the 
second step (demographic and HBM variables), age (β = -.280, p < .05) and perceived 
benefits (β = .490, p < .001) were significant predictors.  At the third step (demographic and 
extended HBM variables), age (β = -.277, p < .05) and self-efficacy were significant 
predictors (β = .350, p < .01).   
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To determine the contribution of knowledge on model predictions, further regression 
analyses were undertaken.  SKT total scores were entered first, followed by HBM variables, 
then SE and SN.  Knowledge was entered first because in the HBM knowledge is identified 
as a ‘modifying’ factor (Abraham & Sheehran, 2005).  When entered on the first step of 
analyses predicting six month intention to exercise knowledge was significant, R2 = .103, 
F(1,58) = 6.670, p = .012.  This result was not found with general intentions to exercise as the 
dependent measure, R2 = .063, F(1,58) = 3.876, p = .054.  Further, when health beliefs were 
added into the six month intention analysis, stroke knowledge was no longer a significant 
predictor.  At the last step of these analyses, results were similar to those reported above in 
that self-efficacy was the only significant predictor of six month intentions to exercise, and 
benefits was the only significant predictor of general intentions to exercise.   
Mediational analyses were undertaken given that knowledge was a significant first 
level predictor in HBM analyses of six month exercise intentions.  We examined the data to 
determine if any of the effects of knowledge on six months exercise intention were mediated 
by HBM beliefs, and if so, which of these beliefs might provide full or partial mediation.  The 
first step of these analyses was to establish that the predictor variable (i.e., knowledge) and 
outcome variable (ie. 6 month exercise intentions) were significantly related, thereby 
establishing that there is a relationship to be mediated (Baron & Kenny, 1986).  As displayed 
in Table 2, knowledge was significantly related to 6 month intentions, r = .27, p < .05.  Next, 
it needed to be established that the predictor variable was correlated with the mediator (i.e., 
HBM beliefs), and for this step, each mediating variable was treated as an outcome variable 
in separate regression analyses.  Stroke knowledge exerted a positive main effect on benefits, 
β = .41 p < .001, but was not related to barriers, β = -.129, p = .30, seriousness, β = .20, p = 
.107, or susceptibility, β = .21, p = .081.  The third step involved checking that the mediators 
were correlated with the outcome variable (using only those variables for which significant 
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mediator-predictor correlations were found (i.e., benefits)), while controlling for the predictor 
variable at Step 1.  After the effects of stroke knowledge were partialed out, benefits, β = .57, 
p < .001, R2 change = .27, F change (1, 64) = 26.235, p < .001, were predictive of 6 month 
intentions and accounted for a significant increment of variance in each model (each entered 
at Step 2 in separate analyses).  Fourth, the nature of the mediated relationship was examined 
more closely to determine if relationships were full or partially mediated.  The positive main 
effect of knowledge on 6 month intentions reduced in significance, once benefits was entered 
into the equation (β reduced from .28, p < .05 to β = -.574, p = .000).  The Sobel (1982) test 
showed that the decrease in the effect of knowledge on intentions was reliable, z = 2.97, p < 
.01.   Thus six month exercise intentions were fully mediated by beliefs about the benefits of 
exercise to reduce stroke. 
Discussion  
This study involved an investigation of factors that influence intentions to exercise to 
reduce stroke risk.  Results provide partial support for the HBM as a framework for 
understanding the factors that influence such intentions, and these beliefs are likely to be a 
key component of comprehensive stroke prevention and rehabilitation programs.   
The major HBM contributor to exercise intentions was the perceived benefit of 
undertaking exercise to reduce stroke risk (six month exercise intentions and general exercise 
intentions).  For example, when HBM variables were used to predict general exercise 
intentions, benefits accounted for 28% of the variance and the contribution of other HBM 
variables was relatively small.  In contrast, when the extended model was used to predict 
exercise intentions, beliefs about exercise SE accounted for most of the variance (31%) 
associated with time-limited intentions.  Despite generally strong correlations between HBM 
variables, no support for HBM variables related to barriers, seriousness, or susceptibility was 
noted, nor were predictions aided by the addition of SN.  Further, although benefits exhibited 
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the largest correlations with each of the dependent measures, there may have been shared 
variance between benefits and other predictors so that benefits did not emerge as a significant 
independent predictor when considered in conjunction with other variables.  These results 
suggest that interventions designed to promote healthy behavior change in those at risk of 
stroke should concentrate on maximizing SE and the perceived benefits of exercise since 
these variables are more likely to be associated with risk reduction intentions.  
The finding that not all HBM variables contributed significantly to the prediction of 
exercise intentions is consistent with previous HBM applications.  In the context of a wide 
range of health conditions not all HBM variables have predicted health behavior intentions, 
and when significant effects have been found they are usually due to the impact of one or two 
HBM variables only (see Abraham & Sheeran, 2005).  Overall, it appears that when HBM 
variables have been used to predict behaviors that might reduce risk in other chronic 
conditions, mixed support for this model has resulted; a pattern of results now replicated in 
the context of stroke.  In fact, the significant predictors in the present study arguably mirror 
more closely the TPB factors of attitudes and perceived behavioral control, and may provide 
some indirect support for that model (see Ajzen & Madden, 1986; Conner & Norman, 2005).  
A way forward for future research in this area is to use the TPB in a stroke prevention 
application, or design a study that permits direct comparison on these models. 
Possible reasons for the failure of some HBM variables to predict exercise intentions 
to reduce stroke risk must be considered, and could include a restricted range of responses for 
some variables.  For example, if everyone rated the likely impact of stroke on their lives as 
serious, the predictive power of this variable would be limited.  Restriction of range is 
unlikely to explain the failure to find effects due to non-significant HBM predictors given 
that inspection of descriptive statistics for “significant” (e.g., benefits) and “non-significant” 
predictors (e.g., seriousness) was similar. It should also be noted that it is unclear whether 
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beliefs about perceived benefits or SE associated with undertaking exercise to reduce stroke 
risk generalize to other modifiable risk factors, such as weight control, and this remains an 
empirical question.   
The sample size for this study was somewhat low overall, a problem that was 
exacerbated by the low frequency of occurrence of some risk factors in this sample.  This 
study limitation could not be overcome despite extensive efforts to attract and retain 
participants.  To understand the relationship between these lower frequency risk factors and 
health beliefs, a different sampling strategy may be needed, such as sampling in higher risk 
groups or selecting participants based on the presence of a particular risk factor, such as 
smoking.  Nevertheless, the understanding gained from this study in relation to exercise and 
stroke risk should not be underestimated.  A reluctance to exercise based on fears that 
exercise may precipitate stroke has been reported by some stroke survivors (Lees, Clark, 
Nigg, & Newman, 2005; Wellwood, Dennis & Warlow, 1994).  Despite this, exercise is 
recognized as a modifiable stroke risk factor (Goldstein et al., 2001), it has the potential to 
impact on other risk factors, such as obesity, and guidelines for exercise post-stroke have 
been published (Gordon et al., 2004).  Therefore, the identification of ways of influencing 
exercise intentions and action in those at risk of stroke is extremely important, partly because 
of potential flow on benefits to the overall risk factor profile of at risk individuals. 
Two other aspects of the design of this study require noting.  These design aspects 
relate to how we measured key constructs in this study.  The first of these aspects is that we 
included two new subscales in this study, assessing SE and SN respectively.  As noted 
previously the methods used to develop these scales were rigorous, but further independent 
investigation of the psychometric properties of these scales will add to our understanding of 
their reliability and validity, and this process is necessary given that SE beliefs appear to be 
important.  The second design aspect concerns the inclusion of two measures of exercise 
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intention; a time-limited measure of intention versus general intentions.  Although, most tests 
of the HBM use a general measure of intention to change behavior, cognitive models suggest 
that time limited intentions represent more realistic behavior change goals.  Interestingly, 
different extended HBM factors were predictive of each measure of intention.  To the 
authors’ knowledge, this study is the first to explore and elucidate differences between 
variable measures of intention to change behavior within the context of predicting exercise.  
This approach has value because it may suggest a link with established notions of 
implementation intentions (Gollwitzer, 1993, 1999) and specificity of action planning 
(Gollwitzer & Oettingen, 1998).  Six month, rather than general intentions, may be more 
likely to lead to action, possibly due to more accurate action planning and the development of 
more detailed implementation intentions.   
Overall, the results of this study highlight the relative importance of health beliefs for 
stroke prevention and rehabilitation.  Whilst calls for education to help reduce the incidence 
of stroke continue (Schwamm et al., 2005), findings from this study suggest that the likely 
effects of such programs on behavior change, or the formation of relevant intentions, may be 
less than optimal unless beliefs are specifically targeted.  Whilst knowledge contributed to the 
prediction of exercise and six month intentions to exercise when this was the only predictor 
considered; these effects were no longer significant with the addition of beliefs.  Future 
research could examine the development of a model exploring the sequence of knowledge 
and beliefs in stroke risk reduction (e.g., using structural equation modeling), given that our 
findings suggest that the effect of knowledge on six month exercise intentions is fully 
mediated by benefit beliefs.  Pending replication of our results, the beliefs that should be 
targeted those relating to exercise benefits and self-efficacy.  Designing stroke prevention and 
rehabilitation programs that promote the development of such beliefs is likely to be 
important.  The possibility of using modified behavior change techniques drawn from 
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motivational interviewing (Miller & Rollnick, 1991) or promoting self-efficacy via the four 
techniques promoted by Bandura (1977), may be useful in eliciting personal benefits and 
enhancing commitment to change.   
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Table 1.   
Internal Consistency (Cronbach’s Alpha), and descriptive statistics for health belief 
Subscales from the Exercise section of the CABS-R and the global measure of stroke 
seriousness . 
Subscale No. items Cronbach’s 
Alpha 
M S.D. 
Benefits 4 .82 4.01  .54  
Barriers1 4  .74 2.07  .60 
Susceptibility 3 .91 3.17 .88 
Seriousness 3  .84 4.23 .48 
Subjective norm 2 .83 3.98 .58 
Self-efficacy 2 .67 3.77 .78 
     
 
Note.  Min score on CABS-R subscales = 1, max scores =5, higher scores represent greater 
agreement that undertaking behavior; would be easy (self-efficacy), is consistent with 
subjective norms, is of benefit in terms of reducing stroke risk, is not associated with 
significant barriers.  Higher scores also indicate greater perception of susceptibility to future 
stroke and of the seriousness of stroke.  
1 Internal consistency of the full barriers subscale, prior to item deletion was .69 for the 
exercise subsection.   
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Table 2. 
Intercorrelations Between Exercise Health Belief Variables, Norms, Self-Efficacy and Stroke Knowledge (SKT Total Scores) in a Sample of 76 
Individuals at Risk of Stroke1 
 Seriousness Susceptibility Benefits Barriers Self-
efficacy 
Norms General 
intention 
6 month 
intention
Seriousness         
Susceptibility .205        
Benefits .164 .229       
Barriers -.038 -.163 -.463**      
Self-efficacy .049 -.002 .583** -.446**     
Norms .091 .321** .704** -.324** .477**    
General intention  .288* .246* .515** -.042 .400** .490**   
6 month intention .148 .279* .608** -.347** .589** .585** .606**  
SKT total score .198 .213 .411** -.129 .299* .265* .222 .273* 
1 Variations in sample size for correlations was noted due to missing data.  Correlations are based on a minimum sample size of 65. 
* p = .05 (two-tailed).  
** p = 0.01 (two-tailed). 
Predictors of intention to reduce stroke risk  30 
 
Table 3 
Multiple Regression Analyses for Predicting General Intention to Exercise and Six Month Intention to Exercise.   
 
Criterion and Predictors R2 adj ΔR2 F df β 
General intention .313  7.956*** 4,57  
Step 1      
Benefits     .590***  
Barriers     .218  
Seriousness     .199  
Susceptibility     .030  
Step 2^  .006    
Subjective norm     .040 
Self-efficacy     .094 
 
 
Six month intention .364  9.734*** 4,57  
Benefits     .554*** 
Barriers     -.104 
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Seriousness     .031 
Susceptibility     .063* 
 
Step 2^^  .077     
Subjective norm     .203  
Self-efficacy     .327*  
 
Note *  p< .05  *** p < .001  ^ Fchange (2, 55) = .241 p < .05  ^^ Fchange (2, 55) = 4.083, p < .05; N = 62 due to listwise deletion of cases for 
regressions predicting six month or general intention; * p < .05.
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